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Abstract

Knowledge building situates intentional learners in a community where the creation and
sharing of knowledge is the primary goal (Scardamalia & Bereiter, 1996). For their part,
intentional learners know the limits of their understanding and engage in a process of
progressive problem solving by continually reinvesting ireed-up information capacity in
new learning efforts (Bereiter & Scardamalia, 1993). It is quite possible to be an
intentional learner without being involved in knowledge building or in a knowledge
building community. The mark of a knowledge building community is when specialized
knowledge is being shared across all groups and the whole group is reinvesting its freed
up resources in deeper and deeper problems (Scardamalia & Bereiter, 1999). This paper
describes how a Grade 4 class began with an approach to knowledge building that had
students participating as intentional learners as they specialized in interest groups for
their study of light. Then it will describe, further on in the year, how the goal of building
collective knowledge became the focus for this group of knowledge builders. This paper
will examine the various “inventions” and design principles that were used to facilitate
this transition. In particular, an analysis will be made of the utility of one database
invention, the “Light Learnings” view, which was designed to aid in the sharing of the
specialized knowledge across the research groups. Data is drawn from pre and post tests
of the concepts of light, rating of students’ portfolio notes about their understanding of
light (before' and after the introduction of the Light Learnings view) and data from the
Anaytical Tool Kit (Burtis, 2000). The discussion focuses on the transition that took
place as the class moved from Factory Model as Intentional Learners to a Knowledge
Building Community that used the Knowledge Forum™ software and other classroom
processes to successfully build knowledge about the curriculum area of light.
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Introducﬁon '

This paper reports on a case study of an initial attempt by a grade 4
class to take a knowledge building approach to pedagogy. Given that there
is currently no one best way to run a knowledge buildiﬁg classroom a
qualitative methodoiogy was employed in order to éapture as much of the
classroorﬁ aétivities related to knowledge building as possible. Eventually,
the goal of this three-year long research project is to begin a process for the
defining, refining and im_pro_ying of approaches to knowledge building.
Howeveii, during the first year of this study the challenge was to establish a
functional knowledge building community within this grade 4 classroom.
What follows is a description of the knowiedge building community that
developed in the grade four classroom and the transition from a group of
intentional learners to a knowledge building community. Special attention is
paid to how the issue of knéwledge sharing was dealt with by the class as
they developed a better sense of themselves as a Knowledge Building
Cominuhi_ty. A small-scale design expefiment was done to explore what
interventions 'seerﬁed to impréve the knowledge sharing of the group
(Collins, 1999; 3rown, 1992). That this form of design experimentation
could be used in subsequent years to improve upon the work of this class is
discussed. Also disc-us_sednis how the irivenﬁons md interventions that were.

developed by this class could be of value to others attémpting 1o imﬁlerhent
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a knowledge building approach to pedagogy in their own classrooms. The
need for future studies regarding how knowledge building groups can best
use Knowledge Forum™ to communicate the knowledge they have

developed is also discussed.

Method
Give.ri that the underlying goal of this research was descriptive in
nature, a qualitative methodology was einployed. At minimum, the goal of
this study was to déscribé'the development of a knowledge building |
community through the classroom inventions and processes that were used
to make it possible. Descriptive data is drawn from the Knowledge Forum™
database the children used to do their knowledge building in and the notes
the teacher and participating researchers entered into the Calendar of Inquiry
journal that was keep about the work of this classroom. This descriptive
strategy made it possible to observe and track the transition from a group of
| intentional learners to a knowledge building commuriify'. During the period
of time that the teacher decided an intervention was n_eéded to encourage
sharing of knowledgé Within the database é design experimeni: inethodology
Waé used Data for the small-scale design exﬁeriment includes a pre-test and
a'p.c.)s‘t test along with dataliase statistics gathered using the Analytic Tool Kit

(Burtis, 2000).



Participants an& Sc~hooi' Context

The class comprised twenty-two grade four students at the Institute of
Child Study - Laboratory School at the University of Toronto. The students
came from middle-class backgrounds and no entrance requirements needed
to be met in order to attend the school. The classroom teacher, myself, was a
thirty-foﬁr ye;ar old male in my seventh year of teaching, seconded to the
Institute of Child Study. My first six years of teaching experience had
ranged from grade one to grade eight in a local Board of Education, but I
had no eXpefience with grade four students prior to this year. There were
two intern teachers in the class, the first from September to December, the
second from January to April. Thié was the first experience for the teacher,
.th'e children and the interns with Kncwledge Forum™. The classroom was a
small room with 4 working tables used as desks by the students. Along a
wall was a computer lab set up with six networked computers that were
connected to the Internet. The class database waé sefved from a computer at

the Ontario Institute for Studies in Education. The teacher had a computer on

his desk as well.

~ Knowledge Building and Knowledge Forum™
Knowledge Forum™ is comprised of a networked database in which

students can create text notes on a problem they are investigating. It




provides a medium for preserving quesﬁons‘and ideas in notes ‘;hat are
continually available for further discussion and revision without a time
constraint. These notes are readable by all students in the classroom. Others
may attach comments, “build-ons”, if they have information to add to the,
original note or are seeking clarification. The build-ons are also public
notes, i.er ..read'able by everyone. A new note appears as a small rectangle on
the screen with the note title next to it. In order to “open” a note, one needs
to click the icon and the text of the note appears. A build-on note would be
linked to the original note with a straight line. Only the author of each note
can modify/revise his/her own notes. Students are encoﬁraged to include a

question in the “problem window” of the note o identify the purpose of the

note. Important vocabulary in the note can be highlighted by the author.

This identification of “key words” helps students identify to focus core of

the note and also provides an opportunity for others to find the note if a

~ search by key words is conducted. Searches may also be organized by note

probiém or author.

Scaffolds are available to help sort the text of the note. The scaffolds
include: My Theory, I Need to Understand,,Evidgnce, A Better Theory,
New Irif;)‘rmation, etc. Students may suggest changes (additions or
deleti.oné) to the scaffold selection, éustlc-)mizir.lg the scaffolds to support the

discourse. The teacher is provided with the ability to make the changes
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agreed upon by the class. Authors can also create pictures and diagrams

within the note.

Each note is titled and automatically displayed in the view it was
created in. A classroom database may include several views to help
categorize the nofes. The creation of each view derives from student
suggestioﬁ d;1ring class discﬁssions. Views are titled are may contain a
background illustratio_n created by the students. Links from one view to the
others are provided to make navigation Within the database quite simple.

N(l)te_s. that deal with similar problems or investigations may be
collected and plaqed within a new note called a rise-above. In rise-aboves,

students can summarize and organize the knowledge recorded in the

collected individual notes using new scaffolds that express a collective

group un_derstanding: “Our Theories”, “Our Evidence”, “What We Still

Need to Understand”.

Classroom Environment
The Grade 4 classroom had 7 computers, 1imiting 1/3 of the 22

students to be working on Knowledge F orum™ during “Knowledge

Bui.ldihg/lﬁquiry Time”. Two hours each Monday and Thursday were

scheduled for our study of light. Therefore each week, students had the

opportunity to be working on the computers in our classroom for 40 minutes
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twice a week. The entire class collecti\./ely had one fuil hour on Fridays at a
University of Toronto computer lab to work on the database. The time on
the computers is an approximation. There were computers available _in other
classrooms t-hat were often used throughout the week, and as the groups
became more self-directed, they determined how much time and how often
they neeci;:d to be on the database. Since Knowledge Forum™ isan
asynchronous communication medium, meaning the participants do not have
to be on the database at the same time, students could contribute to notes that
were wriffen days earlier. They could also choose when it was appropriate
for them to be on the database to contribute to the knowledge building.
Scardamalia and Bereiter distinguish between kﬁowledge building and
leérnjng. The role of a knowledge builder is to create new knowledge,
learning is identiﬁed as a by-product of the knowledge production
(Scardamalia & Bereiter, 1996). In a classroom that focuses on collaborative
. knowledge building, the studeﬁts then are less so learners than they are
collective knowledge constructors. As a result of this understanding, I
evoived to uée less of a didactic approach to teaching, defining my role as an
active pz_irticipant in the collection of material directed by the interest and

p.roble_rh-s‘ of the students.



Curriculum

* The science and technology expectations Qf The Ontario Curriculum
are organized into five strands: Life Systems, Matter and Materials, Energy
and Control, Struc.tures and Mechanisms, Ear’th and Spéce Systems. The ;.
grade four topic for eéch strand are: Habitats and Communities; Materials
that Tranélni:c, Reflect, or Absorb Light or Sound; Light and Sound Energy;
Pulleys and Gears; Rocks, Minerals, and Erosion. The Institute of Child
Study operates as a private school; each c_lassroom teacher is, in essence,
free to désigh the curriculum for the year. Although I was not mandated to
teach the knowle;dge; and skills prescribed by Ontario Ministry of Education
and Training, I knew (perhaps due to my experience working in a public
_sc’hool board) that I would feel more cémfor’table if I did follow them.

| Upon discdvering the interest and “culture” of the students in the first
weeks of school, I realized that the group was particularly interested in the.
Dramatic Arts. A unique opportunity was presented to me when a local
theat.re‘ was presenting a performance of Shakespeare’s “A Mid Summer
Night’s Dreém”. I felt this might serve as the introduction to a Language
Arts umt based on Shakespeare’s comedy. I pianned to utilize Knowledge
| ForunﬁM for this study. Ihad Wanted to focus on Social Studies rather than
Science m thé first ferm so as té complément our Language Arts study with

a look at the Elizabethan time period. The students had another idea. After
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Viéwing the performance, it was apparént that the students were interested in
examining light and spécial effects. Conveniently (for my own comfort),
light was a strand of Science I had planned to teach as it was prescribed in
the Ontario Curriculum. I was not aware that the study would last for three
months led by the interest and enthusiasm of the students. Thus the
“Knowle;i“ge_ Building/Inquiry” time was exclusively dedicated to the study
of light.

We did not study sQund as I had planned. When I presented to the
class the fact that we were not covering the material other grade four
students would have learned in a public schocl, the response I received was
quite “illuminating”. One child responded that they probably know more
about light than any other grade four student because of how much time was
spent in the study and the way they had built the knowledge by sharing it on
the database. They also added that if they ever wanted to learn about sound,
~for example, they now knew how to conduct an Inquiry: state a question,
then offer a conjecture / personal theéries, research through reading and
expérimentation, share your knowledge advances on Knowledge Forum™
and build the knowledge together. In fact, the confidence of their
knowlé&ée was quite high: when a field trip was planned to a science center
to particiﬁate in a “1igh‘; and sound”'.presentatiqn, the students commented

prior to the session that although they had not studied sound themselves,
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they would be able to determine how well the presenter knew his “sound
material” based on how informed he was oﬁ the subject of light.

Following our in depth and lengthy Science study, the students
directed the inquiry to Social Studies with a focus on Elizabethan England.
The students chose different social groups to research and used Knowledge
ForumTMhto ;hare their findings. The groups were: Royalty, Lord
Chamberlain’s Men, Nobility, Drake and the Explorers, Clergy, Villagers.

When I reflect back on the year, I realize I covered only a small
fraction of tﬁe topics that I had intended to. I am aware that a transformation
-occurred in my approach to planning. Rather than limit the students to
passive “clients” to -a curriculum I had designed, I observed the incredible
energy and interest of the students that sustained the knowledge building
when they were encouraged to express their ideas and become more
involved in the design of the curriculum. “For if schools are to constitute the
learning organizations in which students gain experience, the role of student

must change from that of client to that of members”(Scardamalia & Bereiter,

1999, p.275).
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Transition to Knowledge Building Commﬁnity

Setting the Stage

The Grade 4 database was entitled ‘;Illuminating Shakespeare”. The
1999-2000 school year began with a study of the piay “A Mid Summer
Night’s Dream” by William Shakéspeare. The class went on a field trip to
see a pro;i{m_tion of the play. Two views were created in the database at that
time: “What was Shakespeare Thinking?” and “Di‘fference Between
Reading and Seeing the Play”. Students had no prior experience to
working -with Knowledge Forum™, and thus their notes ini these two views
were their ﬁrs}t in.the database.' The students used a fyping tutor program in
September to increase their key-boarding abilities.

Concurrently, in Language Arts, one of the forms of writing the class
was smdying was comparison writing. Using a venn diagram on the

blackboard, I used the example of comparing the theatrical production the

class had seen with what a production of the play might have looked like -

during Eli_i_abethan Times. Students noted that the “special effects”, that is,
thé sound and lighting effects, would not have been .p,»resent in Shakespeare’s
time. One student who had prior knowledge of vthe open formation of the
Globefﬁéatre said that sunlight was the only light used in the Sixteenth

Century, and that a lit candle was used to represent evening/darkness.

- ' See Appendix A for grade four database “Welcome” page 1 2



Another student added that, “there must have been less light in
Shakespeare’s time”. This misconception was not challenged by the
students.

By way of their various questions the students demonstrated that they v
were clearly interested in investigating these differences and wanted to
engage in a etLLdy of light. Responding to the student-directed study choice,
I wrote a question as the title of a next view in the database: “What Is Light
and Where Does It Come F rpm?” The students were asked to record their

theories and list any questions they had about light.

Facterv Model

In order to organize the study of light, I felt that a framework needed
to be }created. As the teacher [ identified three essential components of the
study: time to research/gather information, opportunities for discovery
through lresearch and experimentation, and time on the computers to record
fmd_ings and further questions that woutd be shared with the rest of the class.
As there were 22 students and 7 computers in the class, it made sense in the
early stages ‘of the study, to divide the class into three random groups. A
three_-part‘eycle was created consisting of 40 minute sessions, two to three

“Knowledge Building” cycles per week.
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As there were three groups WOﬂ(ing simultaneously with only bne or
two adults in the room (depending on the déy), it was importapt to
implement a procedure that would allow the groups to independently and
effectively deal with resource materials. The studenté and I decided té) cease *
using books that were designed for junior grades because for all their merit
when it c;).'mes to orgarﬁzing knowledge, they often left the students with
shallow summaries and premature closures on important ideas. Instead the
resources used in the classroom Wére above grade level, often of high-school
level, iniﬁaﬂy chosen by the teacher. As aresult, an adapted version of
reciprocal teaching (Brown & Campione, 1996, p. 296) was introduced to
the class as a whole and then modeled with each group separately.

Reciprocal teaching was a tool for groups to enhance their comprehension of
impqrtant material that may have been too difficult to understand without the

support of each group member. Each group of students weuld have a leader

- that would ask questions in order to clarify the core content of the material

read. .The. group would decide what information was important and
understood. These points were recorded as dot-jot notes. Each student was
given a black lab book (research journal) to.record his/her notes.

_ The experiment/exploration part of the cycle was designed to support
and promote the s'tudems’ cﬁriosify 'énd questi_qning spirit. Experiments. .
were conducted on a designated féble in the classrcom. Often the students
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‘were asked to follow planned steps (teacher-designed experiments) and

record the data in their research journals. The experiments were conducted

by the students and were designed to complement the reading during

.reciprocal teaching. The students could be heard using the new vocabulary

they had learned vin their readings at the experiment table. Since inquiry in
Science ftoll(;ws no single pathway, experimentation led to many new
questions. The groups asked to conducf new investigations. The idea of a
teacher-directed experiment table derived from my factory model approach
to teachihg. .(Interestingly, I'héd considered myself to be a child-centered
teacher priof to this experience.) Initially I felt comfortable thinking that
knowledge building was occurring because students were not only reading
but were doing experiments — “hands-on 1eaming”. I slowly realized that
they were trying to solve my knowledge problems rather than their own.
Experiments, on their own, do not guarantee that children are.knowledge
building‘T Authentic knowledge bﬁilding takes place when students are
mak_i‘hg_ sénse_ of information about a problem that is of interest to them
(Scardamalia & Bereiter, 1999, p. 279). With this new understanding, I
enc.ouréged-the stuvdents to design and conduct. thé_ir own experiments to
an_s»véf:t.héilx; own questions. This said, there was still a period of adjustment
for myself. I needed to ';‘lef-go” of coritrolling_ the investigative process and

allow the children to explore, even though I often felt it seemed as though

15



théy were “playing” with the materials. I was surprised that what I often
perceived to be time wasted “filling jars with water, sand and leaves, and
then shining a flashlight through it” brought meaningful insight to the

students when I would later conference with them (studenf: like in thé j

reciprocal teaching, I learned that only some light traveled through, so the

muddy water must be franslucent). The students were reconstructing what

they had read so that it made sense in light of the new information from their

experiments. Scardamalia and Bereiter state:

“...students who are actively trying to solve a knowledge problem
will move more readily between developing ideas of their own and
irying to negotiate a fit between their own ideas and information
obtained from authoritative source.”

(Scardamalia & Bereiter, 1999, p.279)

‘With my confidence restored, the students and I decided how best to record

an inquiry process for student-directed experiments, that is, how to design,

carry out and document the inquiry. Thus we developed our own scientific

- method. And the experiments moved off the table and into the school

h’a‘HWay, the caretaker’s closet, the school yard...:

The cycle was made complete with the time on the computers using
Knowiedge Forum™, This was the opportunity for the group members to
state Thelr research problem, offer their»t.heories and record their é.ttempts td
impro?é ﬁpon thgir cori_jectures by writing the knowledge advances they

xperienced from experiments and readings. Since satisfying answers to
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their problems Wheré often unattainable, new questions were added to the
database and fhe inquiry process would begin again.

Two new views were added as a means of clearing the clutter of notes
“anid build-ons in the original light view: “Uses of Light;’ and “Shadows and *
Reflection”. For myéelf, the notes in these thiee Views providéd vital
informatinon .‘as to the understaﬁding of the material and the direction of the
study interest. Yet there were problems with this teacher-controlled cycle-
m‘odel. The third group to arrive at the computers would often complain that
all of the new knowledge had already been recorded in a note by members of
the previous two groups. They were right. Since initially all three groups
were given the identical reading, and more or less the same experiments to
'follo'w, there was little or no reason to share information on the database. |
Also _the_students stated that the reciprocal teaching group were too large and
difﬁcult.to manage. [ realized that the uniformity created by the “factory
model” approach that I had designed (teé_cher—focuséd, same task for each
group, réndom group forrhation) needed to be changed quickly if there was

to be any authentic knowledge building.

Sp‘eciaii.zafion Model

In their notes and in the design of their experiments, the students

indicated areas of the study of light that were of particular interest to them as
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individuals. The students and the teacﬁers worked together in “identifying”
the areas of interests. Six were identified and later re-named by their group
members (ranging from 3 — 4 students). They were: “Sources of Light”,
“Images”, “Angles and Reflection”, “Colours of Light”, “Colours of Opaque T
Objects”, and “Mirrors”.

Th1s re-structuring created much excitement. Students began to bring
in their own resources for reciprocal teaching found on the internet or at
public libraries. Reciprqqal teaching became.more opportunistic,
experiméﬁts were initiated by the groups. Each group created and managed
its own view. The original three views were categorized as “Old Light

Views” on the database welcome page, and each new group was free to copy

any pre-existing notes from them to their current view if the members

thought the notes were pertinent to their study focus.

The three-part cycle remained but it became much more organic in

~ that each group would decide which part they needed to work on. The time

restraints for completing a task were eliminated.. Now groups could spend as -
much time als.they felt necessary to obtain understanding, driven by their
individual curiosity and cognitive abilities. Each group felt they had
owner.lsh'ip of their aspect of the studj/ of light, their area of expertise.

. The- role of the te;acher shiﬁéd 0 more Qf a facilitator, guiding the

groups to deeper understanding, by anticipating their readiness through
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'continuous dialogue. The students began to realize that they were directing
their own learning within their érea of specialty and that the teacher was a
member of the learning community, not the knowledge provider. It was
liberating to engage in the knowledge building along with the students. I;did "
not feel the pressﬁre to need to know the answer to each question posed by
the resea;ch ;gr,oups and thus did not limit the diverging study to my personal
understanding of light. Due to the depth of the study, many of the problems
were new to me. Instead I could help diréct where the information might be
located, pro{/ide opportunities for the group to make appropriate discoveries
by designing and/.or‘ conducting an experiment. I was an authentic member
of the knowledge building comrﬁunity. As aresult, I found myself
_bec»or-ning more interested in how the understanding was advancing in the
classroom. Many of the “Problems of Understanding” that I brought to class
discussions were centered around the pursuit of understanding. I would ask
the students to reflect on: our methods of investigation, how they knew
und_ersta.hding had taken place, if they thought recording theories was
important, eté. |

An adaptive form of crosstalk (Brown) was introduced to the class. In
thi's_fdfrﬁaiiiied exchange, students from the six research groups could report
a “Knowledgé Advance” (repoﬁing théir findings to date), or present a

“Problem of Understanding” to the other groups in the hopes that one of the
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other groups might have information to- help provide comprehension or
clarification. An example of a crosstalk success was when the Mirror Group
was provided with clarification from the Reflection Group members
regarding the law of reflection. One of the earlier “Problems of
Understanding” was whether the creation of shadows were dependant on
light or Viée versa. “Technical (computer or sdcial) Problems” could also be
brought to a crosstalk. Steps that needed to be followed to avoid loosing
notes, what to do when th_e computer crashes, how to include a diagram, etc.,
these were all answered by students. Ifno one in the class had the answer to
a technical question, we directed the problem to the teacher-researcher in the
school who was also our computer expert on staft.

Crosstalks was the opportunity for students to remind each of the
principles of knowledge building. One student wanted the rest of the class
to know that build-ons should not be used to merely state that a note was
. good (be _complementary), “that’s something you can tell your friend outside
at -:e«;éss, but since we have so little time on the computers, build-ons should
only be used to advance knowledge!” Knowledge telling notes, that is notes
wherein a student simply demonstrates what he/she knows rather than
attemptmg to advance knowledge were criticized. ersstalk was scheduled

weekly for 30 minutes.
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‘ ? See Appendix B for table of ATK results

' This “Specialization Model” of inqﬁiry learning had many benefits. It
was student focused, tasks were group specific and the membership was
interest-baséd. A classroom of intentional learners had been fostered. But
the acquisition of kno»ﬂedge was at the small group level, it was not a social *
activity, that is, a.s a bollective, the class did not share the goal of
understar;dinkg light. The students had created a mission statement for their.
study, “To understand as much about light as we possibly can”, yet the
specialization of each group prevented the class as acting as a whole. The
“we” of the mission statement did not speak of the class as a community of
knowledge builders, but merely a tabulation of what the separate groups
understood. Experts in their own areas, each group knew little about the
krio_wledge outside of their field of expertise. Members of one group would

rarely read, let alone build onto, the notes in another group’s research view.’

The goal of CSILE/Knowledge Forum™ is to find a means to objectify

knowledge and bring it to the “forefront of classroom activ_ity” so that the
knowledge itself improves (Scardarﬁalia, Bereiter, and Lamon p.207). This
1S only possible 1f a shift is created from individual groups to a collective
understanding of light.

. I was lalso concerﬁed that the study was becoming too narrow for each

group. Clearly there was not the problem of coverage-oriented instruction, -
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where topics are merely checked off aﬁd students move on whether there is
understanding or not, but I needed to decide Whét should be known by all
students (more about this procedure later). In the book Understanding by
Design, 1998 by Wiggins and McTighe, the authors 'explain that depth of’
know.ledge provides the fluidity and “flexible knowledge of how and why
things w&k?’ (page 101). But they state that depth alone is not sufﬁcienﬁ
Effective researchers need to see how their findings and ideas link with
those of others in order to create a larger meaning. “Breadth implies the
extensioné, variety, and connections needed to relate disparate facts and
ideas” (page 101). The challenge for me was tc blend the current
specialized (in-d.epth) study that each group was engaged in with a breadth
of what each of the other groups was working on in order for the students to

see the larger picture.

Knowledge Building Community Model - Small-Scale Design

Expériment

Within the database, students were expected to keep a note in their
portfolio about their complete understanding of light. Based on the growth
of‘the'si_é"portfolio notes, it was clear that although they were being
| intentional.leamers, th_gy were not aéting as a lmowledge building

community. The students were only writing about their own area of

22



research. Students were exposed to the findings of other groups during

crosstalks and simply by being in the same environment while a group was
conducting an experiment, yet they did not feel comfortable writing about
any light vrinciples that they themselves did not in?estigate. This was quite * |
evident in a conversétion overheard between two students from different
groups vx%)rking on the database. A students who was a member of the
Colours of Opaque Objects Group was experiencing writer’s block while
writing in his portfolio. The student next to him, who was a member of the
Reﬂectién Group, suggested he write about “luminous”, as that was a
definition that everyone was exposed to at a recent crosstalk. The first.
student refused to include this concept in his portfolio “My Understanding of
Light".’-note, explaining that luminous is for the “Light Sources” group, “my
group didn’t study about that”.

In order to make this transition from a group of intentional learners to
a collaborative knowledge buildiﬁg class, certain. datébase and classroom
“inventions” were needed.

Asa reSuit of a pencil and paper test covering all six areas of light

study, the students realized that they knew more than they were writing

about in their portfolio notes. The results of the test exceeded my

sxpectations.”
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It was also evident during a field trip to the local Scieﬁce Centre, that
the students seemed to understand more than their area of specialty (they did
possess some breadth of the other groups’ discoveries). Priof to the trip, a
member of the Colous of Opaque Objects Group presented a “Knowledge
Advance” during crosstalk regarding the colour-sensitive cones in human
eyes. He'. éxplained that if you stare at a blue object for a length of time, you
would be exhausting your blue-sensitive cones leaving the red and green
cones to be functioning normally. Thus if you quickly looked at something

white, you would perceive it to be yellow because your red and green cones

(minus blue needed to make white appear white) would be active to indicate

the secondary colour yellow. At the field trip, a presenter was conducting a
similar experiment, only this time asking the audience to stare at a magenta-
coloured screen. In this case, two cones would be getting tired (red and blue

used to create the secondary colour of magenta). A student in another view

- group anticipated the presenter’s question and stated “I know, we are going

to stare at. sdmething white after and it will seem green”. She was able t0
extend the knowledge presented at the crosstalk to a higher level, indicating
a developing understanding of how eyes see co-lour. and light colour mixing.
Pefkirl.lé'.,_..-i.rll the book Teaching for Understanding (Wiske, 1997), defines
understaﬂding as, “the ability to think and act flexibly with what one knows

...a flexible performance capability as opposed to rote recall or plugging in
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of answers” (p.40). This is an example of real knowledge and understanding

being used in new ways.

In an attempt to broaden their understanding of light by reading the
notes in other views, they were confronted with'new Vo.cabulary and
confusing concepfs. To solve this, each group created a “glossary” note and
teaching .ﬁot;:s as was suggested by a student at a crosstalk. This invention
helped but the research views still remained complex and difficult to
navigate.*

Tﬁe pbrtfolio notes began to include more knowledge from the other
groups. Generally, when the students were writing in their portfolio, the

teacher observed that many remained frustrated in deciphering the clutter of

each group view and seemed to instead rely on recalling the information

from memory, from crosstalk discussions, from the experiments of other
groups that they may have witnessed themselves or from teacher conducted
benchmark lessons. In essence, they were taking advantage of the fact that
they 'sﬁared the same physical environment. The database did not seem to be
thé major coﬁtributor to the development of breadth in the portfolios. The

structure of the portfolio note now included a lengthy section on the

student’s own area of specialty with bits of facts from the other five areas
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muddled tdgether in no apparent order.. As the children remembered the
concepfs, they would add it to their list.

To improve the coherence of the views, rise-above notes were used to |
collect similar notes together. A student had presented the idea of creating
rise-aboves at a crosstalk. Using the analogy of a vacuum “sucking up
notes” thé?[ were similar in content. He explained that this would hélp in
“cleaning up” the views by collecting the notes within the rise-aboves while
also serving to sort the notes to understand them better. The boy was
seriouslyl éhallenged by a member of another group who was concerned
about the ownership of the notes placed in the rise-above. The opposing
student realized that once her note was placed in a rise-above by another
.gfoup, she would no longer be able to modify her note. Ultimately a
solutign was brought forward: first “authorization” (the student’s actual
wording) needed to be granted to include sorﬁeone’s note in your rise-above,
- and the authors of each note included in a rise-above would be added as co-
authofs to the rise-above allowing any future addition to the note. New
scaffolds were created to organize the notes and knowledge within the rise-
above notes (Our Theories, Our Evidence, Putﬁng_Our Knowledge
Together),

The rise-above nctes empowered the groups. They chose what

knowledge irom their view should be gathered together, identified in a rise-
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above and ultimately shared with the other groups. The rise-above notes
focused on a particular concept. Some of the titles were: “Our
Unders’;anding of Angles and Reflection”, “Our Understanding of Lenses”,
“Our Understanding of Sources of Light”. Students working on rise-aboves .
commeﬁted that by using the scaffolds to organize their notes, (for example
“Putting Our Knowledge Together”), it helped them develop an even better
understanding of their knowledge. It seemed as if by organizing and
categorizing the knowledge from the pre-existing notes into the rise-above
using scéffoids, the group was “handling” (manipulating) the knowledge as
if it were a prqdugt. Knowledge did not seem to exist only in the minds of
the students but was something tangible that could be improved upon and/or
given to new uses — used to help in the collective knowledge advancement of
the class. This process also made the authors of the rise-aboves aware of
what they still did not understand. Thus a new scaffold was added: “What
We Still Need to Know” to direct‘fu'turg inquiry and help students to
understand that we are not seeking simple answers to straight-forward
quéstions, but afe engaged in something much closer to .the way scientific
advancement takes place.

- ..Thei..z.lnswer to the my earlier qugstion as to what content each student
should understand (have a breadth of understanding to c.omplement'his/her '

deep specialized understanding) was answered by the creation of the rise-
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aboves by the separate groups. Each group decided what should be
organized in a rise-above and which rise-above to offer the other groups.
The focus of the class had shifted for the third time. With the factory model
' the teacher was the focus. The specialization model had the focus placed on o
the students. No§v the focus was on the class as a whole. The interest-based
groups made way for a knowledge-based classroom community.
The selected rise-above notes were collected in a new view entitled |
“Light Learnings”. It included a mini-photograph of each group view
welcome. page. On this background, the corresponding rise-above notes
were placed. The quantity of rise-aboves per group was decided by the
members and varied from one to four. The database “invention” of the
Light Learnings View made it easier for students to learn from each other’s
research findings.’
The portfolios following the creation of the Light Learnings View
- evolved dramatically.® Studenf’s indgpendently began to organize their
“Understanding of Light” note in paragraphs, one for each area studied by
the -groups.' The paragraphs or sections were weﬁ-de-velc.)ped and fairly -
consistent. It was clear to each student which concepts he/she was expected
to -Lmdé:f;s-tand. Interestingly, when the glass compared the note's:'created by

the six groups and their own individual portfolio notes (“My nderstanding

> See Appendix E for sample of Light Learnings View
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of Light” with the specific expectations for understanding basic concepts
created by the; Ontario Ministry of Education and Training in the Science
Guideline for teachiﬁg light to grade four, it was perceived by the students
that they had built more knowiledge (in terms of light) than was expected bf o

a grade four class.

Results and Discussion

The class had been asked to demonstrate some light concepts to the
junior kiﬁdefgarten students who were also investigating light. The students
planned what jthey 'f_elt would be appropriate and designed experiments for
the four year olds. At the same time, the class was informed that a grade
four class i.n another public school would like to view and hopefully learn
from their Light Learnings View. Following these experiences, the students
reflected in a crosstalk about their beliefs on how learning happens. They
were concerned that simply providing another class with “the answers” -
would not be an effective way of learning. The students felt the other class
neéded to eﬁgage in experiments, as the junior kindérgaﬁen students had, or

contribute to the database. The discussion evolved to include different

| '%:eachiﬁé stslles. One girl said “you know vou really understand soniething

when you can teach it to someone else, especiaily a younger kid”. The

% See Appendix F for the samples of pre-light learnings view portfolio notes and the ~ost-light learnings
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sfudénts articulated that, simply reading and memorizing facts, was not
enough, rather the students felt that the participants needed to be actively
involved in constructing the knowledge for themselves.

In the broader classrooni context, additional “inventions” were created *
to facilitate the tfansition to a knowledge building community. In terms of
the crosst..;a.lk, a system of filling our a “crosstalk card” was developed to
help determine what was going to be discussed during crosstalk time. If
there were no cards, there was no crosstalk. Within this system, the students
had an opportunity to use and benefit from the knowledge of the entire in
solving a “Problem of Understanding”. Because the community believed the
knowledge building time to be precious and for the benefit of the entire
class, the students and teacher decided this method would be a way to
prevent time wasted on unnecessary crosstalks.

Other opportunistic “inventions” were folders to store reading
- resources (readings provided either -y the teacher or group members) for
each -group, and a light vocabulary wall where students would post a word
from their Stﬁdy they felt was important to share with the entire community.
In order to free-up the teacher from solving conﬁputer problems or teaching
techni'.c_iél.skills, students were empowered to instruct one another. Asaneed
arose, a knowie@geable_ student or édult (most often the school teacher-

researcher), would guide the student through the steps needed to solve the
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‘problem, making the student an “expert” in that skill. A poster was used to
advertise which student to consult for support.

Following the creation of the Light Learnings View and the modified
portfolio notes, the students were given a post-test which was an exact
replica of the origineﬂ test. The quality of the responses on this post-test
improve(i, pérhaps indicating some degree of benefit from the creation of the
Light Learnings View.”

The final invention derived from 2 crosstalk discussing the purpose of
building knéwledge. The students requested an end of the year parent night
that would showcase their knowledge advances. One student described
himself as a “cup overflowing with information”, “Ineed to share this
knowledge with others!” By this point in the year, the class had also been
study_ing Elizabethan England. Six views were created on the “Illuminating
Shakespeare” database, each representing a different social group (N obility,
‘Clergy, Actors, etc.). The students felt this meeting with the parents would
be an opio_ortunity to tie the entire year’s worth of learning together. They
deéided to print out their portfolio notes on light and Elizabethan England
along with notes in their views that they were parficularly proud of. These
were. ﬁiduﬁfed on posters. The groups had constructed various structures
from Shakespeare’s time (Tudor homé.s, the Globe Theatre, Sir Drake’s
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sh}ip) and decided to display these proj écts. And finally the students, worked
in their character groups, writing a play about going to see the opening
production of “A Mid Summer Night’s Dream” at the Globe Theatre. The
challenge posed to the students was to include as maﬁy light concepté in |
their short plays as possible. The event was a great celebration. The
students \'—z\;ere the teachers (extremely enthusiastic) and the adults were the
(very proud) students. Following the plays, students guided their parents
around the models and addressed their individual portfolio posters. Many
brought fﬁeir parents onto the database to show their work. Students noticed
errors in their notes and began to correct them, while their parents watched
on. Howard Gardner, in his bock The Disciplined Mind, writes of the need
to give students the opportunity to perform their understanding (page 128).
The parent night, along with the visit to the junior kindergaﬁen class mid-
way through the study, advanced the understanding of the grade four

. étudents; the learning didn’t stop.

" The focus of the design experiment was to create a knowledge
buﬂding community. . This paper attempts to observe the transition from a
focus on ntentional leafners, organized into interest-based groups, to a
wholeé'r-cl)up with a collaborative knowledge building focus. The
opportunistic cre.ation of inventions, the tools that facilitated the shift were

studied. . They are: crosstalk cards, reciprocal teaching folders, vocabulary
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‘wall, poster advertising technical experts, end of study parent night, and the

creation of the Light Learnings View.

Summary aﬁd Future Research Direction

The goal olf this three-year long research project is to begin a process
for the deuﬁnllrng, refining and improving of approaches to knowledge
build_ing. The challenge for the first year of this study was to establish a
functioﬁal knowledge building community within this grade 4 classroom. A
descriptibn éf the knowledge building community that developed in the
grade four classrqom was presented and the transition from a group of
intentional learners to a knowledge building community. The process
présented was essential for this group and myself as the teacher. That other

communities may benefit from seeing the evolution of this classroom is

- possible through access to the inventions and interventions that were

developed by this class. Access t(; these elements of a knowledge building
class'fooin_ could be of value to others attempting to implement 2 knowledge
building approaéh to pedagogy in their oWn classrooms. Though it is
unclear if others will need to go through the tré.nsiltion_ in ofder to create a
kno.wlé.d'g.é Building community. Perhaps this transition process alWays
needs to be present.but could be spéd up so that the class reaches status as a

knowledge building community sooner. Alternatively, maybe this transition

<
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is not necessary and can be eliminated fhrou'gh a new approach to the
beginning of the school year. Future studies could also examine how
knowledge building groups can best use Knowledge Forum™ to
communicate the knowledge they have developed. The independent: |
variables could bé examined and modifications suggested to make the
trans-ition“fnore efficient, or even perhaps, unnecessary for other knowledge
building communities.

Although a study Qf how to facilitate a more efficient change to
knowledgé building communities would be beneficial, this will not be
possible next year with the grade 4 class as they are already participating in
a knowledge building community in their grade 3 class. During this school
year, the Institute of Child Study had four classrooms knowledge building
using Knowledge rorum™: grades one, three, four and a five/six class.
This meané that the students entering into grade four in the 2000-2001
- school year bring with them an understanding of ’What it means to be a
knowiedg_e_ building community.

| ~An altefnatives,tudy that could take place would examine how
students within a knowledge building commuriity could share their
kno,wl’_e':c'ig'e across classrooms. This appears to be a question worth
examining. This study_has dealt w1m the devellopment of a knowledge

building community within a single classroom. This leaves students isolated
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from other communities that are engaged in building understanding of the
same and different content knowledge. Could the knowledge that is created
in one classroom have value beyond the local group? Given the need for
curriculum coverage and the importance of depth of stﬁdy, could knowledge * '
building classrooins divide the strands of the curriculum in a given subject
matter, sc;ierl.;:e for examﬁle. Each class studying one area deeply and
consecutively share the knowledge advances with the other class. This was
explored in a pilot study that built onto the small-scale design experiment
just presénte.d. The Light Leamiﬁgs View was shared in hard copy form
with a grade four class in another school that had also been studying light.
The experience indicated that‘attent.ion needs to be paid to written
composition and language in the notes. Knowledge building pedagogy
shifts. the focus from person-to-person communication to a communication
that is implicitly directed toward everyone. Research in this area is needed to
ensure that t:he notes and views that get develope& are accessible to others,
espe{:ial_l'y if they are going to start building knowledge between classes and

schools.
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ATK Results
Student Percent of notes | Percent of notes | Percent of rise-
read in own read in the five | aboves read in
group View other group light learnings
views (omitting | view
own group
view notes)
Zoe 78 12 55
Noam 97 43 91
.Derek 98 35 73
[saac 81 80 73
Sam 91 40. 27
Ryan 100 98 100
Sarah C. 100 77 91
ICM 100 43 100
Simon 87 58 100
Louisa 90 31 45
MM 100 18 18
Celine 100 120 64
CW 100 34 64
Gideon 100 39 82
JS 67 35 36
MB 100 40 82
SC 100 33 64
Clara . 95 37 55
David 100 61 73
Sarah S 100 88 55
Nadia 100 20 27
HM 100 89 55
95 47 65
average total
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Appendix C

A “Light” Survey Name:

Write your answers in the space provided.

1.

8.

a)What is the definition of a luminous object?

b)Which of the foilowing objects are luminous? (Circle the objects).
stars the moon the sun a switched-on flash light
a)Explain. the difference between transparent, transiucent and opaque materizls.
b)Sort the féllowing in the table below:
air, window glass, frosted glass, wood, b}ricks
Transparent Materials:
Translucent Materials:
Opaque Materials:

What colour of clothing that will keep you cool on a hot, summer day. Explain why.
What are the names of the main parts of a shadow? How is each part formed?
Draw a labelled diagram of a lunar eclipse.

Describe how you know light travels in a straight line. You may describe a

demonstration you have observed or you may illustrate an experiment that would prove it.

7.

Imagine.you are standing under a bright street lamp. Watch your shadow as you walk away from the lamp

post. What happens to the lent of your shadow as you get farther from the street lamp? You may draw a diagram to
filustrate your answer.

8.

9.

What is meant by the term: regular reflection?

Match the letter in the diagram to the labels.

point of incidence:

e normali____
angle of reflection:
Incident ray:
reflection ray:
angle of incidence:
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10. What is the “law of reflection” in a plane mirror?
11. What is meant by the term diffuse reflection?
12. What is the difference between a concave mirror and a convex mirror? You may .draw a diagram for each.
' |
13. Fill in the blank: Light rays parallel to the principal axis that hit a concave mirror reflect
toward the
14. Read these 2 explanations of rainbows.
Statement A: White light is made of the spectral colours. These colours appear when light passes through water

droplets.

Statement B: Water droplets add colour to white Iight to produce' the spectral colours.

18.

186.

17.

Label each primary colour and the colours they produce when added together.

Write a short paragraph to explain the statement you believe to be correct.

If you stare intently at a bright green object, then
a) look at a white surface. What colour wouid you see?

b)Explain why this happens.

a)What light colours does a blue object reflect?

b)What light colours oes a blue object absorb?

18. It three light sources, one red, one biue and the other green, were zhining on an opaque object from different
sides, what light colours would you see behind the object? Draw a diagram to help you.

19. The first light experiment we did in class was the one with the iight that seemed to bend into the water bucket. We
know that light travels in straight lines. Then how did the light get into the bucket? Please explain.

O
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Shadow experiment]

s the “most impertant natural light source?

£i]Heating a Buildinafil

e need light to liva?
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Appendix ¥ - .
- (3 student samples of pre-Light Learnings View “My Understanding of

Light Portfolio Notes” and post-Light Learnings View “My
Understanding of Light Portfolio Notes’)

.

difizor: .
On hot day s, mivages can cause you o
around Licht davels in i

ligh? sowvsethat gives

FARENT objests Lus

[0 Rwan. {Mar 10, 2000%, “Ryan's understanding o light™ [Knowledge Forum™ Note]. 1CS - Fsntastic Fours [Oniine].
Available: database addrsss [date referenced].

“van 'z understanding of light

JirindeEstanding . On hot days, mirsges can cause wou to sge pudies of water on the road or sidewal k. & 208trops is a
ick piece of paper thats spins-around. Linht travels in straght lines. Light does not gu through opeque objects,but goss
through "TREMSFARENT "objecis. Luminus is a light sourze that gives ifa wwn light,

Pratractorsz are ysed to mesyrs “AMGLES"”. The angle of insidence=the angle of reflection.

If you mix RED and SREEN it makes YELLOW GREEM and BLUE riake C¥aM,ELUE and RED rigke MASENTS, RED BLUE ang
{GREEM makes wHITE BLUE and YELLOW rmakes WWHITE,RED and CVAMH makes WHITE GREEM and MAJENTA rakes WHITE! The
secondary colour's are VELLOW CVY&M and MAJEMTA N

Thers are thres coulerd eve cones blue qresn and red. It vau stare at 5 blue objsct your blue sye cones get tired, If vou stare
ata radobject your red syve cones get tired, If

oustare at g areen object waur green ave cones will get tired, & concave mirar
feaks like thish bui 3 eonves loo

; ok ke this . 34LT iz a good way 0 remember charicteristecs of 1iaht 5 far size, & is for
attitude L iz for location and T is for typs.

IT wou shing white light thrusgh a prism ywou will get all the coulers of the rianbidw. & chemical that abzorbs oberetian
ctours but ref) 2,03 3 pigment. turs of vellow cvan and magents pigmert: Spaint sbsarbe blue green and red

gkt No coloyr . 20 the mixturs appears black. Glass digmands and cryatals all et like prizms. & prisim iz s solid
JAranparent piges of glass or plaztic, o

| Camerastake photographs by us

ing batteries and what they ds iz they take zome parts of an eye and make the technalog, act
Jlike an ey

when wou press the button fo take a picture than the lens would take the pin
film. Infra red light is tight that the human eve can not zse.To ses lafra Red light wou ne

ture in aneye and put it antp the
e 3 3pecical fype of viser or gogis,

1T wou shine whits light thrungh = prism wouwitl get all the coulers of the riantow. & chizmical that absorbs absretian
colours but rerlects vthers iz a pigrment. & mizxiure of weliow ovan and rmagenta pigment Spaint absorbs blue, green and red
Hight. Ho colour is refiected 20 the misturs appears black. Glass diamonds and crystals all act fike prisms. & prisim iz a solid
JAranparent piece of qlazs or plastic. o .

Carstas take photographs by using batteries and what they do is they take some parts o7 an sye and make {he technotogy act
like an eye 30 when wou press the button to take 5 picture than the lens wauld take the picture in an ewe and put itonto the
film. Infra red light is {ight that the human eve can not see To see Infra Bed light wou need o specics! dype of wisor or gogle.
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is rm:t.'y abouz‘ spates and retlestions.know tha

water o air,or air fo water, i/ refracts or bends. L.-th‘ made yo of ihe w'-'r\bk.b spes
Jpetiow g reen,bkm_,m\d@o and vicled, sl the colours of herainbow. The no "r_\n.‘ sy
insidenct and the snele of reflestion when Hght goes 5 raight b the middle of 5 plane F
.‘5 # angle 5% which Nght hits dhe plane fairvor. The argle of retlsetion is the angly 3
rror. They are abways sxsctly equal. il

[ Clara. { Mar. 10, 20007, "Clara’s Understanding of Light” [Enowledge Forum™ Hotel. IC5 - Fantastic Four [online}
addrvw [date referanced].

ﬁvalluble dafuhabﬁ

Ght'- Clans

A,Unclm,s.rﬁndmg.

refizction and that when light qoes from water +0 air ot air to watar, lt re‘rraut or tnandu
Light made up of the visible spectrum which includes: rad ,orange sellow green blue,indigo and winlet, all the celours of the &5

rainbow.
The normal ray isthe imaginary ling in beiveesn the ~analr= of incidence and the angle of reflection whan light gogs straiaht fo

the middle of a plane mirror and straight back The sngle of incidence is the angie at which light hits the plane mirror The

angie of retlection is the angle at which the light bounces off the plane mirror They ars alwsys exactly squal That is the law of

raflection. :

The primary colours of light are:red, green and bive.The secondary colours uf Hght are magents cvan and yellow.Red and
blue make maue nta .Gresn and blug maks cwan.Red and araen make vellow.

Upagues means a0lid 30 no light can get through. Transparant means fotally see through and translucent rmesns 0.0,
Sarnething tranalucent tets light through but seou can't see thirough it essily Luminous gives off it's own {ight and nan-
fuminous means it doesn't give ofT {1’ own light.The primary colours of light are red ,blue and greendltogether thew make
white light. There are some eolours of light that humans cannot see.For example, ultra-viclet light is arter wislet light, {in
the spectrum,dand infra-red light comes befare rad A prism iz a solid franvparpnt piece of glass ar plastic that aplits white

Haht into the spectrum.

There are twid kinds of lensss,conceve and convex.Concawe goes in and convex goes out. Conves and CONCawe Mirrors are wery
impartant.we use convex mirrers to see around corners in stores A shadow is made when light is blocked by an opagque
hen it's Tully blocked Thers are twa kinds

nbjectd perumbra iz a shadew made when ight §s partly blocked and an umbra isw
of fight artificial and natural &n examole of .:rvmual {ight weauld be a light bulb Mafural fight iz @ zun or 4 candle Light
ct light and dark colours absarb fight.There are four ways to describe an Tmage. They arewsize attitude, location

colaurs refle
upside down ot rightside up. Locatinn is where the

and type.3ize means whether it grows or shrinks Attitude means if it's
image iz and Twpe ie whether it's resl or 'v'mual.»jltngether these spalt 3.4LT.

Thers are twd kinds of lenses,concave and sohvex Concave goss in and conwey qoss out. Domvex and consave mirrors are wery
impariant.iwe use convex mirrors fo aee around corners in stores.s shadow is mads when I|-;|ht is blncked by an apaque
nbject.d penumbra is 2 shadow made when light is partly blocked and an umbra is when it's TUH” bionked.Thareg ars two Kinds
of light artivicial-and natural &n example of artificial Iight «would be s light bulb. Natural light is a sunor a candle Light
colours refiect light and dark colours absorb light.There are faur ways to describe 2n image. Thrv are:size attitude location
and type Size means whether it grows or shrinks.Attituds means if it's upvlde dowriar rightsids up Locatinn is whers the
image is and Type is whether i1's real orvirtual Altogether these spell 5.4
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i . .
in dhe dngles view o

O degree 56 then on the other side of the
the sngle of

3 bwam of light
e 80 dearos angls.

-ah .. (Mar. 10, 2000%. "Sarah Cs understanding of light” [Knowledge Forum™ fate]. 103 -

fvaifable: dstabase addrezs [date referanced].

ditvg o light - Sarah €

RIS i bty iz shout aiot of 31urf 20 'l start off with. ...
anglas: - - . 3 . N
"I tearred.in the Angles view that iTs beam of Hight hits o mirror =t an 80 deqres dngle than on the other side of the nermal
ling than it will reflect off the mirror onan 50 deqres anale. Thiz is rmeans the angle of incidence =quals the angle of
raflection.That is called the law of refleciian and the reflection iz calied @ requiar reflection. | also lesrned in order to find an
angle wou uzea protratefor which has differzat angles an it. You use the hottam Jins on the protractor o olass on the bottam of
the angle then ywou ses whers the ather line iz 2nd woll z whiat the angle is by looking st the numbers on the protracter, &
diffused reflection iz made whien Light is shons ana rough surface. :

i Baalte st o tanall TS
Snurees of light: .

I'alzo learned about luminous and non-iuminous. Luminous is s Jaht source that san turn off and on like a flashlight.Mon-
fuminous is 3 light seurcs thet can't turn on and off fike the Sun. water droplet in the stmosphers act like water droplets. To
make 3 green shadow an oblect would have to block the red fight from getting fo the green fight. 1T red iz blocked from qresn

. than thew van't mix fo make yellow. S0 if  the red and grsen can’t mix then the shadow would be grasn. i found intaresting
-that when you shing 3 biue light source then only half of the rainbow iz it'a normat colours and the sther half is just biue. Sut
what's atrange is thet wnzn you shine 2 red light soures through a priam than the whols rainbow turns red. & natural Fight

Furee (s a light source that iz not rrade by something such as batterries stc. but an artiticial light source jsa light saurce

that uses batteries ste. unlike the zun. Eleetricity iz a wery impariant part to making artificial Jight.

Colonrs af Light:

I learned that the thres primary eolours of light are Red Creenand Blue. | alsn learned that the secondary cofours of light ars

wellw cwan and magenta.t found nut that it wou look at a sbirct that has the colour of ane of the thres.primary coloyrs if 1ight

theen that primary tight ewe cong will det tived but the ather fwo wen't get tired and the S will mix and thenswhen vou ook at

awhita 2heet of gaper the two not tired gye cone colours will mix and vou will 2e= the mixed solour an the paper. This iz one of
. The cojours of the rainbow and the arder is

the gxperiments that we did in clsss on colours of shaday
Ted yetlow arange gresn blue,indige and vialet, The vizsitle spectum are the solours af the rainbow,
Images: | learned that @ el imsd2 is an image that can't be orojected onto a screan and a virtual inage i3 an irmage that can be
projecied anto 3 screan. | also learned through anzxperiment that a pinhole camera iz a little box with 3 whole in the center
ard when pou use (11 ook at an ahject then the image witl appesr upside-down.

i The place that dhe Blus light is b .
in Frand of She wihi

whed in dhat blue, green and yed mive

WA iahd

sl S a0 pelliow
e and areen Hoht i dogeth 28 bR i T

S blocked, dngedher the green and red light will make 3 ypeliow

Mirrors: .

i learned that iTa ray of light bounces ofF 3 mirror when i Sounces bagi
learnad from the mirrors s:n‘m]p that z concaws mirrar when you Back away Trom it the image will get biqg.:':r' and e\-'erut:.lallg-'
the imayge i1t be upside~-down. 1T wou back away from & cinwex mirror then the imags will get isnwall»?( and :smallerj. quLT .
stands for S22 which is the size of the image, Attitude which iz if i1'3 upright or upside-down, Loacation iz whers the irmge iz
and Tyos which iz it it's ditfused,resi or wirtual.

Cutours ar Cip:aque Objecta:) tearned in theatours of apague objacis wiwe that cigmant i3 9 chemicai {nat absarbs aomes olours
and retlests the others. Fiaments zbsord solours 2eept the ones we 322.The thres primary calours of pigment are wellow 2an
ard magenta. The calour that wou get when you mix thras tegether you don't get whita but you doeget black.

Other: l'igsrned in the beginning of aur {ight unif that the fwi caris of @ zhadow e an umbra and = p’enumhra._l al.:*tn Iegrn@
that white colourad ob fect sic, rerleets tight it object will stay ool inztead of the abject getting hotisr and hotiar. & bisek

abject will gat hottar and hotter and not Hike 2 white abject. When the
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Appendix G

(3. student samples of pre-Light Learnings View test answers and post-
— Light Learnings View test answers)

3. " Vnat c'*Iou' of ciothi il
: e thing will keep you ¢ 2 hot, su rdayi £
. ‘w 2 bacouse /T FOF S Al i?q_fh col on 2 hot t, summer day! Explain why.
A Afhat ara # \ - = ‘ ' )
i, Nhat are the name f’e,‘.atr parts of 2 shadow? Fo s sach part foermed?
v ! ‘ - i LSRN 4 = H

FJ‘I ’

Draw a fabeiled diagram of - ecli
3. \/\/n i colour of clothing will keep ycu cool on & not, summer day! Expiain why.
white 4 1 cavse WM@ oFlects all colowrs of u 7*"7
4. What are the names of the rnam caris of a shadow? How is each part formed?
*m’(‘.'(“ A &-“mi szl mgzm -
3. Sraw a labelled diagram of a lunar eciipse.
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14,  Read these 2 sxplanaticns of rainbows. ' _ —

utaie‘”‘xe, H ,'\
when li ghL 0&s

White iight is made of the spectra
ss st,xromh water dropletc

It H B : ~ s v Ty ~1 urs.
Qiaternent B: Water droplets.acd colour o white light to procuce ine spectral colou
: 1i YIQLTE i .
—w-\ —~r C
Write & short paragraph to explain the statement you oelie\/e {0 be cotre

|
%&m A § Er ey gl ] 3 1 o
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A PeRlturs HART Uy TRYEY Gl s ke
14.  Read these 2 explanations of rainbows. |
StatemeniA; White light is made of the spectral colours. These colours appear
when light Fasses through water droplets. - ;
Statement B: \qut r droplets add colour to white light t'o procducs ihe spec:ra! colours.
Write sho -
4 : H
\ 2 ; FAVE A

Q.
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18. if vou stare intently at a bright g ﬁreen object, then |
a) ‘look at a white surface. What colouwcud you see?
WaAS e et
’s)__EAplam why ths nappens.
ZEZ€CAUBIZ vy . ,
_ TEAT e gmevye o~ L
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18. f you stare: Inremlv at a oright green object, ’fhen ‘ e ,,/;/ 2
. *) .OOK at a white surfacs. What uOlOUl’ would you ses? g
j 3 H m
_)t:,\olam wiy this happens. he :
b A ‘.
g - Z N : H
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